An obligately anaerobic, rod-shaped (0.5-1.062.0-10.0 mm), Gram-stain-positive bacterium, occurring mainly singly or in pairs, and designated BLPYG-8 T , was isolated from faeces of a healthy human volunteer aged 56 years. Cells were non-motile. Oval, terminal spores were formed that swell the cells. (optimum 37 8C). The strain utilized a range of amino acids as well as carbohydrates as a source of carbon and energy. Glucose fermentation resulted in the formation of volatile fatty acids mainly acetic acid, n-butyric acid and organic acids such as succinic and lactic acid. The DNA G+C content of strain BLPYG-8 T was 44.1 mol%. The major fatty acids (.10 %) were C 14 : 0 , iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 . Phylogenetic analysis and specific phenotypic characteristics and/or DNA G+C content differentiated the strain from its closest relatives.
C 14 : 0 , iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 . Phylogenetic analysis and specific phenotypic characteristics and/or DNA G+C content differentiated the strain from its closest relatives. On the basis of these data, strain T represents a novel species of the genus Clostridium, for which the name Clostridium punense sp. nov. is proposed. The type strain is BLPYG-8 T (5DSM 28650
The human gut microbiota plays a vital role in the health status of the host. It has been investigated extensively, using both traditional culture methods and molecular techniques, and has been found to contain a large number of unknown species belonging to the 19 phylogenetic clusters of the genus Clostridium (Collins et al., 1994; Eckburg et al., 2005; Suau et al., 1999; Shetty et al., 2013) . The genus Clostridium belongs to the family Clostridiaceae, class Clostridia, order Clostridiales, phylum Firmicutes and comprises mostly of Gram-stain-positive, obligately anaerobic bacteria Wiegel, 2009) . Most of these bacteria are known to use carbohydrates and/or proteinaceous compounds as energy sources, and secrete metabolites that may be beneficial to the host (Collins et al., 1994) . Despite the inability to reduce sulfate, these bacteria are known to produce sulfide from peptone/yeast extract/glucose medium from fermentation of cysteine (Holdeman & Moore, 1977) .
In the present study, the strain designated BLPYG-8 T , which belongs to the genus Clostridium, and which was isolated and reported earlier (Marathe et al., 2012) , is further characterized and identified. The detailed taxonomic analysis reveals that this strain represents a novel species of the genus Clostridium.
Strain BLPYG-8
T was isolated from faeces of a healthy 56-year-old male volunteer residing in Pune, India. It was isolated on peptone/yeast extract/glucose (PYG) agar (Holdeman & Moore, 1977) at 37 8C after 48 h in an anaerobic chamber (Anaerobic system 1029; Forma Scientific) with gas phase of N 2 :H 2 :CO 2 (85 : 10 : 5, by vol.). The strain was maintained in PYG medium under anaerobic conditions with 10 % (v/v) glycerol at 270 8C and by lyophilization.
For morphological, physiological and biochemical characterization, strain BLPYG-8 T was cultivated on PYG medium at pH 7.0 and 37 8C for 2 to 3 days. All media were pre-reduced and all the tests included positive and negative control strains. Cell morphology and motility were examined at the exponential growth phase using a phase-contrast microscope (Eclipse 80i; Nikon). Cell size was expressed as the mean width and length of 12 cells ¡SD. Colony morphologies were determined after incubation for 2 days on PYG and blood agar plates. Gram staining was performed using a Gram-staining kit (HiMedia). Scanning electron microscopy of the isolates was performed for cellular ultrastructure. Aerotolerance was examined by incubating cultures for 5 days separately under aerobic conditions and anaerobic conditions in an anaerobic chamber with a gas phase (N 2 /H 2 / CO 2 as 85 : 10 : 5, by vol.).
Results of the morphological characteristics are represented in Table 1 and the species description. Morphologically, strain BLPYG-8 T was consistent with the description of the genus Clostridium. Cells of strain BLPYG-8 T were Gram-stain-positive, non-motile, 0.5-1.062.0-10.0 mm, occurring singly or in pairs, and formed oval, terminal spores (Figs 1 and 2, and Figs S1 and S2, available in the online Supplementary Material). Colonies on PYG agar were 0.5-1.5 mm in diameter, off-white, translucent, lustrous, circular and convex. When grown on blood agar, colonies were 1-3 mm in diameter and a-haemolytic. The strain grew well in PYG broth and on PYG agar plates under anaerobic conditions, but did not grow under aerobic conditions. This confirmed that strain BLPYG-8 T was obligately anaerobic.
Growth studies were performed in duplicate using PYG medium under anaerobic conditions. Growth of strain 15, 20, 30, 37, 40 and 45 8C was observed and inspected for 5 days. For pH studies, the pH of the medium was adjusted to pH 4-9 with sterile anaerobic stock solutions of 1 M HCl, 10 % (w/v) NaHCO 3 or 8 % (w/v) Na 2 CO 3 . To determine the effects of NaCl on growth of strain BLPYG-8 T , NaCl was weighed directly into the tubes to give final concentrations between 0 and 40 g l
21
.
Biochemical tests to determine standard taxonomic characteristics were performed in triplicate following the protocols described by Holdeman & Moore (1977) ; Hernández-Eugenio et al. (2002) . Tests included substrate utilization (using basal medium with final concentrations of 10 mM for amino acids, 20 mM for sugars, 5 g l 21 for proteins) in the presence of cysteine-HCl (0.05 % w/v) and sodium thiosulphate (20 mM) respectively; metabolic products of glucose fermentation; tolerance to 0.3 % (w/v) bile (Oxgall; Difco); sodium nitrate (10 mM), sulfate (20 mM), thiosulfate (20 mM), sulfite (2 mM) and sulphur (2 %, w/v) reduction; presence of oxidase and catalase; and antibiotic susceptibility using antibiotic discs (HiMedia). Additional biochemical characteristics were determined using AN MicroPlates (Biolog) in triplicate, according to the manufacturer's instructions.
Metabolic end-products of glucose and amino acids fermentation such as short-chain fatty acids and gases (H 2 and CO 2 ) were determined on a gas chromatograph equipped with a flame ionization detector and thermal conductivity detector (Perkin Elmer AutoSystem XL), respectively, as described by Dighe et al. (1998) . Organic acids were analysed by HPLC (Dionex) as described by Thakker et al. (2006) . H 2 S was detected using a gas chromatograph (Varian 3800) equipped with micro-thermal conductivity detector, column Porapak Q-capillary 10 mm (50 m60.32 mm), injector temperature 70 8C, oven temperature 60 8C, detector temperature 110 8C and carrier gas H 2 (5 ml min 21 ), as described by Shetty et al., (2013) .
Results of the physiological and biochemical tests are presented in Table 1 and in the species description. Results on additional biochemical characteristics of strain BLPYG-8 T using Biolog MicroPlates are given in Table S1 . Strain BLPYG-8 T grew between 20 8C and 40 8C with optimum growth at 37 8C. The optimum pH for the growth was 7.0, and growth was observed at pH 5.5-8.0. The strain grew in the presence of NaCl at concentrations ranging from 0 to 20 g l 21 , with optimum growth in the absence of NaCl (Table 1) .
Strain BLPYG-8
T fermented glucose to mainly acetic acid, plus n-butyric acid and iso-valeric acid as major endproducts, along with propionic acid, iso-butyric acid, lactic acid, succinic acid, formic acid and ethanol as minor end-products (Table S2) ), and aspartate and pyruvate to acetic acid (780¡1.04 and 830¡1.11 mg l 21 , respectively). H 2 , CO 2 and H 2 S were also produced. Strain BLPYG-8 T exhibited thiosulfate-and sulfur-reducing activity but did not exhibit sulfite-, sulfate-or nitrate-reducing activity, and was catalase-and oxidase-negative. The whole-genome sequence analysis of strain BLPYG-8
T also revealed the absence of the genes responsible for all the said activities (Marathe et al., 2014) . Strain BLPYG-8 T tolerated bile up to 0.3 % (w/v). However, strain BLPYG-8 T differs from the closest species of the genus Clostridium with respect to utilization of methionine, threonine, tryptophan, alanine, glutamate, aspartate, citrulline and non-utilization of leucine, phenylalanine and valine (Table 1) .
T demonstrated a multi-drug resistance pattern, with resistance to 11 different antibiotics belonging to (Thabet et al., 2004; Sallam & Steinbüchel, 2009; Sun et al., 2012) .
2, negative; ¡, variable; W, weakly positive; ND, not determined. All substrates were tested in presence of cysteine-HCl (0.05 % w/v) and sodium thiosulphate (20 mM) respectively; this was determined photometrically by increase in growth (turbidity) and gas production. All strains were negative for nitrate reduction, and oxidase and catalase activities. All strains utilized pyruvate, L-proline, L-isoleucine, L-serine, peptone, Casamino acids, gelatin and CGP dipeptides. A, P, nB, iV, e, h,c,h2 A, P, nB, iV, s, e, h, c, h2
A, nB, iB, iV, e, h, c, h2
A, P, F, iV, e, h, c, h2
Substrate utilized six classes. These antibiotics included vancomycin, colistin, penicillin G, ampicillin, tetracycline, gentamicin, streptomycin, kanamycin, cotrimoxazole, amikacin and chloramphenicol. The genome sequencing also revealed the presence of antibiotic resistance genes against the tested antibiotics as well as other non-tested antibiotics (Marathe et al., 2014) .
Based on the results obtained in Biolog tests (Table S1) , strain BLPYG-8 T differs from its closest phylogenetic neighbours in the utilization of D-glucose, D-galactose, cellobiose, ribose, fructose, sucrose, glucose 1-phosphate, glucose 6-phosphate, a-lactose, D-mannose, 3-methyl-D-glucose, L-methionine, L-serine, L-valine plus L-aspartic acid, 29-deoxyadenosine, thymidine and uridine-59-monophosphate, and in the *A, Acetic acid; nB, n-butyric acid; iB, isobutyric acid; nC, n-caproic acid; iC; isocaproic acid; P, propionic acid; nV, n-valeric acid; iV, isovaleric acid; s, succinic acid; e, ethanol; h, hydrogen; c, carbon dioxide; h2, hydrogen sulphide. Major products are indicated in bold. Cellular fatty acids of strain BLPYG-8 T and its closest phylogenetic neighbours were obtained by saponification of a pellet of cells grown for 48 h in PYG broth, followed by methylation and extraction according to the Sherlock Microbial Identification System (MIDI, 1999). Determination of the cellular fatty acid profile of each strain was conducted using GC (Agilent Technologies) and analysed using the Microbial Identification software as previously described (Lanjekar et al., 2014) . The cellular fatty acid profile of strain BLPYG-8
T was similar to those of its phylogenetic neighbours (Table 2) . However, strain BLPYG-8 T contained C 12 : 0 , C 14 : 0 , C 14 : 0 DMA, iso-C 15 : 0 , C 16 : 1 v7c, C 16 : 0 and C 18 : 1 v9c with varying percentage as compared to the phylogenetic neighbours (Table 2 ). Major fatty acids (.10 %) of strain BLPYG-8 T were C 14 : 0 , iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 .
Genomic DNA was extracted from the cells harvested from PYG broth by standard phenol/chloroform method (Sambrook & Russell, 2000) . 16S rRNA gene sequencing was carried out using universal primer set 27F (59-CCAG AGTTTGATCGTGGCTCAG-39) and 1488R (59-CGGTTA CCTTGTTACGACTTCACC-39) (Pidiyar et al., 2004) as described by Marathe et al. (2012 Marathe et al. ( , 2013 ). An almostcomplete 16S rRNA gene sequence of strain BLPYG-8 T was then compared with 16S rRNA gene sequences available from the Ribosomal Database Project (RDP; http://rdp. cme.msu.edu/) and the GenBank database (http://blast. ncbi.nlm.nih.gov/Blast.cgi). Sequences were aligned with the CLUSTAL W package (Thompson et al., 1994) and corrected by manual inspection using DAMBE. The distances were corrected according to Kimura's two-parameter model and clustering was performed using both the neighbour-joining and maximum-parsimony methods of MEGA 6 software (Kimura, 1980; Saitou & Nei, 1987; Tamura et al., 2007) . Bootstrap resampling analysis (Felsenstein, 1985) of 1000 replicates was performed to estimate the confidence of tree topologies. The G+C content of the DNA was determined by using the rapid method by monitoring fluorescence intensity during DNA denaturon in a capillary tube (Xu et al., 2000) . DNA-DNA hybridization was performed using purified genomic DNA of the isolate and the reference strains with additional RNase treatment. An optimized fluorimetric procedure was followed using Step One Plus RealTime PCR system (Applied Biosystems). DNA suspended in 26 SSC was used for the analysis with conditions as described previously (Lanjekar et al., 2014) . The resulting values are the mean of triplicate determinations.
The length of the 16S rRNA gene sequence of strain T obtained in this study was around 1500 bases, and phylogenetic analysis was based on 1472 nt (Fig. 3) . Based on the RDP database, strain BLPYG-8 T shared the highest 16S rRNA sequence similarity with Cluster I group Clostridium sulfidigenes DSM 18982 T (97.3 %), Clostridium subterminale DSM 6970 T (97.4 %), and Clostridium thiosulfatireducens DSM 13105 T (97.4 %). Furthermore, strain BLPYG-8 T shared 99 % 16S rRNA gene sequence similarity with 'Clostridium tunisiense' DSM 15206, though the name of this species is not yet validly published and included in the List of Prokaryotic Names with Standing in Nomenclature (LPSN; http://www.bacterio.net). The comparison of whole-genome sequences of strain BLPYG-8 T (GenBank accession no. AUPA00000000) and 'C. tunisiense' (AMQH00000000) showed a low sequence similarity [distance is 0.141 (.0.9 is similar species)] between the genomes (Auch et al., 2010; Marathe et al., 2014) . The genome sequences of 'C. tunisiense' (AMQH00000000) and strain BLPYG-8 T (AUPA00000000) were also used to conduct in silico DNA-DNA hybridization using DSMZ software (Auch et al., 2010; Meier-Kolthoff et al., 2013) . replicates are shown at branch points. Bar, 0.02 nt substitutions per site.
V. B. Lanjekar and others
The phylogenetic tree indicated that strain BLPYG-8 T belongs to the genus Clostridium (Fig. 3) , and falls within the cluster I of the clostridia as defined by Collins et al. (1994) .
The relatedness of strain BLPYG-8 T with the closest type strains was further studied by DNA-DNA hybridization (Amann et al., 1992) . The results confirmed that strain BLPYG-8 T was not related to C. sulfidigenes DSM 18982 T , C. subterminale DSM 6970 T or C. thiosulfatireducens DSM 13105 T (54.2, 53.9 and 53.3 % DNA-DNA relatedness, respectively) at the species level. Considering the recommended criterion of 70 % DNA-DNA relatedness for species delineation (Wayne et al., 1987; Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006) , it was evident that strain BLPYG-8 T belongs to a single novel species of the genus Clostridium.
The in silico DNA-DNA hybridization value between the genome sequences of both 'C. tunisiense' (AMQH00000000) and strain BLPYG-8 T (AUPA00000000) was Distance: 0.1419; (GLM-based): 30.00 %¡2.45; [Bootstrap confidence intervals: 30 -30 % DDH; Probability that DDH .70 % (i.e. same species): 0.11 % (via logistic regression); Probability that DDH .79 % (i.e. same subspecies): 0.05 % (via logistic regression)] (Auch et al., 2010; Meier-Kolthoff et al., 2013) . This information supports the assignment of strain BLPYG-8 T as a novel species of the genus Clostridium.
The DNA G+C content of strain BLPYG-8 T was 44.1 mol%, a value within the range reported for previously known species of the genus Clostridium . The higher DNA G+C content clearly distinguishes strain BLPYG-8
T from its closest phylogenetic neighbours (Table 1) . Phylogenetic analysis and specific phenotypic characteristics and/or DNA G+C content differentiated the strain from its closest relatives. Other physiological properties and biochemical characteristics that differentiate strain BLPYG-8 T from other species of the genus Clostridium are shown in Tables 1, 2 and S1.
On the basis of the results of this study, strain BLPYG-8 T represents a novel species of the genus Clostridium, for which the name Clostridium punense sp. nov. is proposed.
Description of Clostridium punense sp. nov.
Clostridium punense (pun.en9se. N.L. neut. adj. punense from Pune city, India, the source of the type strain).
Strictly anaerobic, Gram-stain-positive, spore-forming, non-motile rod (0.5-1.0|2.0-10.0 mm), occurring mainly singly or in pairs. Cells form oval, terminal spores that swell the cells. Colonies on PYG agar are 0.5-1.5 mm in diameter, off-white, translucent, lustrous, circular and convex. Colonies on blood agar are 1-3 mm in diameter and a-haemolytic. Grows in PYG broth at temperatures between 20 and 40 uC (optimum 37 uC). Utilizes a range of amino acids including lysine, methionine, alanine, threonine and tyrosine, and carbohydrates including glucose, lactose, cellobiose, ribose, galactose, fructose and sucrose, as sources of carbon and energy. The major volatile fatty acids produced are acetic acid, n-butyric acid and iso-valeric acid; minor amounts of propionic acid, iso-butyric acid, succinic, formic and lactic acid as well as H 2 , CO 2 and H 2 S are also produced (Tables 1 and S2 ). Exhibits thiosulfate-and sulfur-reducing activity, but does not reduce sulfite, sulfate or nitrate. Catalase-and oxidase-negative. Major fatty acids (w10 %) are C 14 : 0 , iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 .
The type strain BLPYG-8 T (5DSM 28650 T 5CCUG 64195 T 5MCC 2737 T ) was isolated from faeces of a 56-year-old human volunteer. The DNA G+C content of the type strain is 44.1 mol%.
